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Summary
Background—Enhanced platelet activation in HIV-1 infected patients has been reported and
shown to strongly correlate with plasma viral load. Activated platelets are known to express and to
release a variety of proteins that can modulate the immune system. Specifically, platelet derived
CD154 has shown to be directly involved in the development of autoimmune thrombocytopenia
(ITP). The mechanism by which HIV-1 infection leads to platelet activation and the effect of this
activation on the development of HIV-1 ITP, however, is not fully understood.

Objective—We have investigated the effect of HIV-1 Tat on platelet activation.

Results—We report that HIV-1 Tat directly interacts with platelets and induces platelet
activation resulting in platelet micro-particle release. This activation by Tat requires the
chemokine receptor CCR3 and β3-integrin expression on platelets, as well as calcium flux. Tat-
induced activation of platelets releases platelet CD154, an immune modulator. Enhanced B cell
activity is found in mouse spleen B cells co-cultured with platelets treated with Tat in vitro. An
early antibody response against adenovirus is found in Tat injected mouse immunized with
adenovirus suggesting an enhanced immune response in vivo.

Conclusions—We have described a role of Tat-induced platelet activation in the modulation of
the immune system, with implications for the development of HIV-1 associated
thrombocytopenia.

Introduction
HIV-related thrombocytopenia (HIV-1-ITP) occurs in 15–60% of patients with AIDS and is
seen in approximately 10% of patients during HIV infection.[1] The pathogenesis of HIV-1-
ITP is not completely understood, although it appears that the etiology of HIV-1-ITP in the
early and the late stages of infection are different. HIV-1-ITP occurring during the early
stage of infection is largely due to immune destruction of platelets by autoantibody.[2] In its
late stage, HIV-1-ITP is likely due to defective thrombopoiesis resulting from HIV-induced
impaired bone marrow production.[1,2] We have previously identified peptides derived
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from HIV-1 proteins (Nef, GP120) which cross react with an autoantibody generated against
platelet integrin GPIIIa49-66, and thus demonstrated a role for molecular mimicry in the
induction of the dominant autoantibody found in HIV-1-ITP.[3] We have also shown that
anti-GPIIIa49-66 antibody-induced platelet fragmentation requires a specific conformational
change of the GPIIIa integrin.[4] While we have a better understanding of the generation of
anti-GPIIIa49-66 antibody and how it induces platelet fragmentation, the mechanism by
which HIV-1 infection induces a hyperactive immune response and leads to the generation
of autoantibody against platelet is still ambiguous.[5,6] Platelet activation has been reported
in HIV-1 patients [7,8]. Since activated platelets release CD154 and elevated CD154 has
been correlated with the development of autoimmune thrombocytopenia, we investigated the
role of platelet activation in the development of HIV-1 ITP.[9,10]

Upon activation, platelets not only play a critical role in thrombotic events but are also
involved in inflammatory reaction, angiogenesis, and immune responses.[11,12] They also
play an important role in the immune response by releasing considerable quantities of
chemokines and cytokines as well as expressing a multitude of immune receptors on their
membrane.[11]

Among these platelet-derived molecules, CD154 has been intensively investigated due to its
important role in regulating the B cell response. CD154 is a trimeric transmembrane protein
of the tumor necrosis factor family present on many different cell types.[13] Studies on the
cellular distribution of CD154 indicate that 95% of the circulating CD154 is derived from
platelets.[14,15] CD154 is cryptic in resting platelets but is rapidly presented on the platelet
surface after platelet activation.[11,16–18] The surface-expressed CD154 is subsequently
cleaved over a period of minutes to hours, generating a soluble fragment termed sCD154
that remains trimeric.[15] B-cell activation relies on the interaction between CD154 (CD40
ligand) and CD40. Interaction of CD154 with its receptor CD40 on B cells is essential for B-
cell proliferation, differentiation, isotype switching, memory B-cell generation, and germinal
center formation.[13,19] As little as a twofold change of CD154 in serum has been shown to
have a profound effect on B cell activity.[20] It has been suggested that the presence of high
level of CD154 is associated with the development of autoimmune diseases.[9,10,21,22]
Blockade of the CD40/CD154 interaction can block the production of autoantibodies and
induce generation of autoantigen-specific anergic CD4+ T cells.[22–25]

It is therefore conceivable that over-expression or release of platelet associated CD154 may
lead to immune dysregulation. In fact, platelet associated CD154 has been reported to be
involved in the development of non-HIV associated autoimmune thrombocytopenia (ITP).
[9,10] However, the role of platelet associated CD154 in HIV-1 associated autoimmune
diseases and the effect of HIV infection on platelet activity have not been examined.

HIV-1 Tat (Trans Activating Factor) encodes a viral regulatory protein with multifunctional
activities.[26,27] Tat interacts with a variety of receptors both on the surface and inside the
cells including the integrin αVβ3 and the chemokine receptors CCR1, CCR3, CCR4, and
CXCR4. The interaction of Tat with the integrin occurs through the RGD (Arg-Gly-Asp)
motif in Tat’s C-terminal domain while its interactions with chemokine receptors are
mediated through CCF/Y, SYXR motifs located between Tat’s cysteine-rich region domain
and basic domain.[28–31] It has been reported that Tat interacts with mast cells through
CCR3 and may contribute to high IgE level in HIV-1-infected patients.[32] CCR3 is
expressed on platelets as well as mast cells[33,34], but it is not known whether Tat is able to
activate platelets through CCR3. In this study, we thus investigated the interaction between
Tat and platelets and whether this interaction is able to activate platelets and modulate B cell
immune response.
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Materials and Methods
Materials

All reagents were obtained from Sigma (St. Louis, MO) unless otherwise designated. HPLC
purified HIV-1 Tat protein is from Immunodiagnostics, Inc (Scottsdale, AZ). CD154−/
−mice, β3−/−mice with C57BL/6J background, C57BL/6J and BALB/c wild type mice
were obtained from Jackson Laboratory. The genotype of knockout mice was confirmed by
PCR. The animal protocol was approved by the New York University Medical Center
Institutional Review Board. The following reagents were obtained through the NIH AIDS
Research and Reference Reagent Program, Division of AIDS, NIAID, NIH: pcDNA3.1+/
tat101-flag from Dr. Eric Verdin and pGEX2T-Tat from Dr. Andrew Rice. Control plasmids
pGEX4T-2 was from GE Healthcare (Piscataway, NJ 08855) and pET28b-Adamts18-66 was
previously constructed in the lab[35]. CCR3 inhibitor SB328437 is from Calbiochem (San
Diego, CA). CCL5 (Recombinant Mouse Rantes) is from Shenandoah Biotechnology, Inc
(Warwick, PA). The adenovirus vector was kindly provided by Dr.Chuanju Liu from
Hospital for Joint Diseases of New York University Medical Center. Retrovirus vector
MSCV-puro is from Clontech (Mountain View, CA).

Tat cloning, expression and purification
Tat cloning—Two clone vectors have been used to express TAT in both E. coli and
eukaryotic cells respectively. The Tat gene (86aa) contained in a pGEX2T-Tat plasmid was
subcloned into the expression vector pET28b and the Tat gene (101aa) from pcDNA3.1+/
tat101-flag plasmid was subcloned into retroviral vector MSCV-puro.

Tat expression and purification—Rosetta BL21 (DE3) competent cells were
transformed with pGEX2T-Tat and pET28b-Tat. Bacterial clones were cultured in 2YT
medium until A600 reached 0.3–0.6. The expression of GST-Tat was induced by IPTG
(Isopropyl-β-D-thio-galactoside). GST-Tat was purified using GST purification modules
(GE Healthcare). Trace contamination of endotoxin was removed by Endotoxin Removing
Gel (Thermo Scientific, Rockford, IL). Control proteins GST from pGEX4T-2 and His-
Ad18-66 from pET28b-Adamts18-66 were prepared parallel with Tat protein to ensure no
artifact due to contamination.

Flow Cytometry Assay of platelet activation
Gel-filtered human or mouse platelets were prepared from platelet-rich plasma obtained
from blood collected in 0.38% sodium citrate via heart puncture. 1 × 107 gel-filtered
platelets were incubated under different stimulation conditions at 37°C for 30 minutes. For
in vitro platelet activation, Tat 20ng/ml, CCL5 10µg/ml, or control Ad18-66 20ng/ml were
used. To test the role of chemokine receptor CCR3, calcium flux and cAMP in Tat-induced
platelet activation, CCR3 inhibitor SB328437 3nM, calcium flux inhibitor EGTA 100µM
and prostaglandin E1 (PGE1, a cAMP elevator) 5µM were used separately to treat platelets
at 37°C for 30 minutes before incubation with Tat, CCL5 or control as above. To test the
role of β3 integrin, platelets from β3 integrin knock out mice were used to incubate with Tat,
CCL5, thrombin, and control. Treated platelets were then stained with anti-CD154-FITC
and anti-CD62P-PE antibody on ice for one hour. Fluorescent-labeled platelets were
measured by flow cytometry (FACScan, Becton-Dickinson, CA).

In vivo Tat expression stimulate platelet activation
Transfection of 4T1 cells with MSCV-Tat and control MSCV-TatR—MSCV-Tat
and MSCV-TatR (reversed insertion Tat as control) pseudo-retrovirus were generated and
concentrated by ultracentrifugation as described.[36,37] 4T1 cells (a carcinoma cell line
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syngeneic with BALB/c mouse) were infected with MSCV-Tat or MSCV-TatR pseudo-
retrovirus in 35mm dishes. Cells were selected with puromycin (3µg/ml, InvivoGen).
Positive 4T1 cells were collected to confirm the expression of Tat by both RT-PCR and
Western Blot.

Injection 4T1 cells and pseudo-retrovirus to BALB/c mcie—5 × 106 positive 4T1
cells (transfected with MSCV-Tat or MSCV-TatR) were injected into BALB/c mice by
intraperitoneal injection. 24 hours after the injection, and platelets were collected in
Tyrode’s buffer for flow cytometry assay as above.

Concentrated MSCV-Tat or MSCV(control) pseudo-retrovirus particles were injected into
mice via tail vein to mimic HIV infection. Platelets were collected for flow cytometry assay
two weeks after three times injection. Serum level of Tat was examined by Western Blot.

Sera were collected from both 4T1 cell line and pseudo-retrovirus injected mice. The titer of
soluble IgG1 and IgG2b were detected with anti-mouse IgG1-HRP and anti-mouse IgG2b-
HRP mAb (Santa Cruz Biotech, Inc, Santa Cruz, CA) by ELISA.

Tat interaction with platelets
S35 labeling of Tat—S35-methionine labeled Tat and control protein were translated from
pET28b/Tat and luciferase T7 control DNA plasmids using an in vitro translation kit (TNT®

Coupled Reticulocyte Lysate Systems, Promega, Madison, WI 53711) following the
manufacturer’s protocol. The S35-Tat or S35-luciferase proteins were incubated with 1 × 107

platelets for 30 minutes at room temperature. Platelets were then washed with PBS three
times to remove unbound protein. The total protein of the platelets was extracted and
resolved on SDS-PAGE gel. The film was exposed to the dried gel at 4°C for two weeks to
detect binding of Tat to platelets.

GST-Tat pulling down of β3 integrin—Tat interaction with the β3 integrin was
determined by incubating purified GST-Tat protein or GST protein (5µg) with the protein
lysates from 1 × 108 platelets 2 hours at 4°C. Glutathione-conjugated beads were used to
pull down the GST-Tat or GST. The total proteins were resolved on the SDS-PAGE gel and
transferred to PVDF membranes for western blotting to detect β3 integrin protein.

Measure CD154 release in Tat-treated platelets—To assess Tat-induced platelet
CD154 release, fresh isolated mouse platelets were incubated with Tat or control Ad18-66.
Supernatant were collected and concentrated for Western blot to detect CD154.

Electron Microscopy
1 × 107 gel-filtered mouse platelets platelets were incubated with Tat 20ng/ml or Ad18-66
20ng/ml at 37°C for 30 minutes, followed by fixation in an equal volume of 0.1%
glutaraldehyde in White saline.[38] After fixation and dehydration, the platelet sample was
embedded in an Epon/Aarldite resin mixture. Sample sections were cut using an
ultramicrotome and mounted on copper grids for EM images in the Imagine Core Facility of
Skirball Institute of Biomolecular Medicine at NYU.

In vitro induction of B cell activity
Splenic B cells were isolated from RBC-depleted splenocytes of CD154−/− mice and
cultured at 1 × 106 cell/ml in 10% FCS-RPMI 1640 with 0.05mM 2-ME, plus IL-4 (100U/
ml) and IL-10 (100ng/ml). 1 × 108 platelets treated with Tat 20ng/ml or control Ad18-66
20ng/ml was then added into the splenic B cell culture. Cells were collected on day 5 and
double stained with anti-mouse IgG1-FITC mAb or anti-mouse IgG2b-FITC mAb and anti-
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mouse CD45R-PE mAb (BD Biosciences, San Jose, CA) for analysis of surface Ig
expression on a FACSCalibur flow cytometry (BD Biosciences, San Jose, CA).[39]

Antibody generation and B cell activity in vivo
Immunization of Balb/c mice with Adenovirus—5 × 106 293-HEK cells were
infected with adenoviruses (AdEasy adenoviral vector system, Stratagene, Santa Clara, CA).
Adenovirus infected cells were frozen and thawed three times to collect supernatant for
virus. Viruses were inactivated by heating to 100°C for 10 minutes before mixing with an
equal volume of mineral oil for immunization. BALB/c mice were injected with Tat (50ng)
or control Ad18-66 (50ng) in 100 PBS through the tail before immunization with 100ul of
antigen mixture (about 1 × 108 inactive viruses) by intraperitoneal injection. Tat and control
Ad18-66 were injected every two days and the immunization was boost every four days
until day 12. Serum from each mouse was collected from mouse tail every two days to
monitor the anti-adenovirus antibody titer by ELISA.

Flow cytometry of B cell from BALB/c mcie—To examine B cell activity in vivo,
BALB/c mice were immunized and treated with Tat and control Ad18-66 as above. B cells
were collected from the spleen at day 6. Purified B cells were double stained with anti-
mouse IgG1-FITC or anti-mouse IgG2b-FITC mAb and anti-mouse CD45R-PE mAb and
analyzed with a FACSCalibur flow cytometry.

Results
Tat activates platelets

Tat has been reported to mimic the ligand of chemokine receptor CCR3 and to activate
monocyte. Since platelets also express CCR3, we tested whether Tat is able to interact with
CCR3 on the platelet surface and activate platelets. The concentration of Tat found in the
serum of many HIV-1 positive patients is 2 ng to 40 ng/ml.[40] We therefore treated
platelets with 20ng/ml and measured platelet activation by assessing the expression of the
well-described platelet activation markers CD62P and CD154 by flow cytometry. As shown
in Figure 1(a,b,c), Tat is able to induce platelet activation as compared to the control protein
Ad18-66. To confirm that CCR3 is involved in Tat-induced platelet activation we then
compared Tat- induced platelet activation with platelet activation induced by the CCR3
ligand chemokine CCL5. Tat and CCL5 induce similar platelet activation while additional
CD62P expression was found in the Tat plus CCL5 group (Figure 1 d,e,f).

Tat interacts with platelet integrin β3 to release CD154
Tat has previously been reported to interact with integrin αVβ3 by Tat’s RGD motif.[28,29]
To test whether Tat is able to interact with platelet integrin β3, S35-methionine labeled Tat
or Luciferase proteins were incubated with human platelets. Unbound proteins were
removed by washing with PBS. Platelets were then lysed to obtain total proteins and
resolved by SDS-PAGE for autoradiography. As shown in Figure 1g, a 14 KDa band Tat
band was resolved in the gel, whereas luciferase was not, suggesting that Tat specifically
interacts with platelets. To further confirm that Tat is able to interact with integrin β3, GST-
Tat was expressed in E coli. and purified with glutathione-conjugated beads. Total protein
was extracted from platelets and was incubated with GST-Tat or GST protein follwed by
protein immunoprecipitation with glutathione-conjuagted beads. The protein samples were
subjected for Western Blot to detect integrin β3 (Figure 1h). A strong integrin β3 band was
found in the GST-Tat pull down proteins but not in the GST protein pull down sample,
suggesting that Tat can interact with integrin β3 on the platelets. In addition, elevated
CD154 levels were found in the supernatant of platelets incubated with Tat, suggesting that
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Tat not only induces the expression of CD154 on the surface of platelets but also promotes
the release of soluble CD154 (Figure 1i).

Tat- induced platelet activation requires integrin β3 and CCR3
Since Tat is able to interact with both β3 integrin and CCR3 on platelets, we next examined
the role of integrin β3 and CCR3 in Tat-induced platelet activation. Gel-filtered platelets
from integrin β3 knockout mice (β3−/−) were treated with Tat, CCL5 and thrombin. Flow
cytometry analysis revealed lack of both CCL5 and Tat-induced platelet activation in
integrin β3 deficient mouse platelets. In contrast, thrombin still induces platelet activation
suggesting that Tat and CCL5 induced platelet activation requires integrin β3 but thrombin
does not (Figure 2, Supplemental Figure 1).

To examine the role of CCR3 in Tat-induced platelet activation, platelets were incubated
with the CCR3 inhibitor SB328437 prior to exposure to Tat. SB328437 completely inhibited
both Tat and CCL5 induced platelet activation but did not inhibit thrombin-induced platelet
activation suggesting the CCR3 is required for Tat-induced platelet activation but not
required for thrombin-induced platelet activation (Figure 3 a,b, Supplemental Figure1).

Tat induces platelet activation is calcium flux dependent but cAMP independent
Since both calcium flux and cAMP are implicated in the regulation of platelet activation by
a variety of agonists, we next examined their roles in Tat-induced platelet activation. Tat-
treated platelets were incubated with and without prostaglandin E1 (PGE1) 5µM, a cAMP
elevator, and analyzed by flow cytometry (Figure 3c). No significant inhibition was found
with PGE1 suggesting that the effect of cAMP on Tat-induced platelet activation is not
significant while PGE1 partially inhibited CCL5-induced platelet activation (Supplemental
Figure 2). However, the calcium chelator EGTA completely inhibited both Tat and CCL5
induced platelet activation suggesting the role of calcium flux in Tat-induced platelet
activation and a minor difference between Tat-induced platelet activation and CCL5-
induced platelet activation (Figure 3d, Supplemental Figure 2).

Tat expression cell line and MSCV-Tat virus induce platelet activation in vivo
Although we have shown that the Tat protein is able to induce platelet activation and release
CD154, it is not clear whether platelet activation as seen in HIV-1 infected patients is indeed
due to the Tat expression. To determine whether Tat is able to induce platelet activation in
vivo, we investigated the effect of Tat expressing cells and a Tat retrovirus on platelet
activation in BALB/c mice. 4T1 cells (a carcinoma cell line syngeneic with BALB/c mouse)
were transfected with full length Tat expression retrovirus (MSCV-Tat) or reverse insert Tat
(MSCV-TatR) as control. Tat expressing 4T1 cells or control 4T1 cells were injected
intraperitoneally into BALB/c mice. Gel-filtered platelets were prepared at 24 hours, and
platelet activation was assessed by flow cytometry. To mimic HIV-1 infection, MSCV-Tat
retrovirus or MSCV retrovirus as control were also directly injected into BALB/c mice via
tail vein every three days. Platelet activation was assessed by flow cytometry two weeks
after the first injection of virus. We confirmed the expression of Tat in 4T1 cells by Western
Blot and RT-PCR (Figure 4 a,b). Tat protein was elevated in the serum of MSCV-Tat
infected BALB/c mice (Figure 4 c). Both 4T1-Tat cells and MSCV-Tat retrovirus induced
platelet activation in vivo as demonstrated by (Fig 4 d,e). suggesting that Tat released by
HIV-1 infected cells is able to induce platelet activation in vivo.
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Tat-activated platelets are able to induce B activation through platelet associated CD154
both in vitro and in vivo

Since elevated CD154 correlates with the development of ITP [9,10] and activated platelets
are known to release CD154, we next examined whether Tat-induced platelet-associated
CD154 contributes to the development of autoantibody by promoting immunoglobulin
production in B cells. To avoid endogenous CD154 from T cells, CD154−/− mouse spleen
cells were co-cultured with wild type platelets (CD154+/+) pretreated with Tat. Parallel co-
cultures were setup with an Ad18-66 control protein. The surface IgG1 and IgG2b positive
B cell population were then examined by flow cytometry (Figure 5). A significant increase
of subpopulation of IgG1 (Figure 5 a,b,c,g) and IgG2b (Figure 5 d,e,f,h) positive B cells was
found in spleen cells co-cultured with platelets treated with Tat compared to those treated
with Ad18-66.

We next examined whether Tat-induced platelet activation and up-regulation of CD154 can
effect immunoglobulin expression in vivo. Approximately a two-fold increase in IgG1 and
IgG2b positive cells were found in 4T1-Tat cells injected mice (Figure 6 a, b). Serum levels
of both IgG1 and IgG2b were increased approximately two-fold in both MSCV-Tat virus
and 4T1-Tat cells injected mice (Figure 6 c, d). Thus, our data suggests that Tat-induced
platelet CD154 enhances B cell activity in vitro and in vivo.

Enhanced B cell antibody response was found in Tat-treated mouse immunized with
adenovirus

To assess the role of Tat-induced platelet activation in the B cell immune response in vivo,
BALB/c mice were immunized with adenovirus and intravenously injected with Tat. Serum
was collected at various time points. Positive IgG1 and IgG2b cells were monitored by flow
cytometry and the titer of anti-adenovirus antibody was tested by ELISA. An increase of
positive IgG1 and IgG2 cell population was found in mice injected with Tat (Figure 6 e, f).
An early antibody response to adenovirus was seen in the group of mice injected with Tat at
day 8 compared with the control mice at day 12 (Figure 6g). Thus, our data suggest that Tat-
induced platelet activation and release of CD154 could be involved in the early antibody
response and potentially contribute the HIV-1 autoimmune disease, such as autoimmune
thrombocytopenia.

Electron microscopy (EM) of microparticles released by TAT- activated platelets
The release of platelet-derived microparticles (PMPs) is a sign of platelet activation. Chronic
platelet activation leads to high level of PMPs in peripheral blood and is associated with
cardiovascular diseases.[41] It has been shown recently that CD154 in PMPs is sufficient to
facilitate the augmentation of adenovirus-specific antibodies.[42] To test whether Tat is able
to induce the release of PMPs in platelets, platelets were treated with Tat or Ad18-66 before
fixation for electron microscopy. A significant number of PMP buds were seen at the plasma
membrane of Tat-activated platelets (Figure 7). Thus, Tat is able to induce platelet activation
and to release PMPs.

Discussion
Two mechanisms may be involved in the HIV-1 induced platelet activation. One is via
deregulated chemokines and cytokines. An alternative mechanism involves HIV derived
protein(s) directly interacting with platelets (Figure 8). HIV infected cells release cellular or
HIV viral proteins (such as Tat or Nef) that effect bystander cells [26,43]. The extra-cellular
functions of Tat and Nef have been studied intensively in several cell types. Tat is not only
able to mimic the CCR3 ligand but also the integrin ligand with its RGD motif. Tat binds to
integrin αVβ3 with an affinity similar to fibrinogen and vitronectin with dissociation
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constants (Kd) of 32nM (Tat), 27nM (fibrinogen) and 64nM (vitronectin) respectively.[29]
Due to the unique character of Tat protein, we examined the interaction between Tat and
platelet and its potential role in HIV-1 ITP. Our data demonstrate that Tat induced platelet
activation requires both chemokine receptor CCR3 and integrin β3 (Figures 2 and 3). In
addition, while calcium flux is required for Tat-induced platelet activation (Figure 3j,k,l),
PGE1 does not inhibit Tat-induced platelet activation suggesting a limited role for cAMP in
this process (Figure 3g,h,i). Thus, we have described a new role of Tat on platelet activation.
It is likely that Tat released by HIV infected cells (such as CD4+ T cells in the spleen) is
able to first activate the platelets through CCR3 and then further activate platelets through
integrin β3. Tat-activated platelets release platelet-derived micro-particle (PMPs) containing
CD154, and PMPs may increase the activity of B cells and contribute to autoimmune
response.

CD154 can play opposing roles in HIV infection.[24] On one hand, it promotes the immune
response to HIV. On the other hand, it can activate CD4+ T cells through the activation of
dendritic cells and macrophages to help HIV replication. In fact, it has been shown that
macrophages stimulated by CD154 release sCD23 and sICAM to render T cells permissive
to HIV-1 infection.[24,44,45] Thus, it is possible platelet released CD154 is required for
effective viral replication. Since anti-Tat antibodies frequently develop in HIV-infected
patients, it needs to be determined whether anti-Tat antibody has any effect on Tat-induced
platelet activation in HIV-infected patients.[46,47]

Antiretroviral therapy (ART) improves the thromboyctopenina while frequently inducing
platelet activation in HIV-infected patients. Although the mechanism of ART-induced
platelet activation is different from Tat-induced platelet activation, ART is frequently
accompanied by increased cardiovascular disease and myocardial infarction in HIV-infected
patients.[48] Thus, ART-induced platelet activation represents another aspect of HIV
associated platelet activation and needs to be studied further.[49]

Platelet agonists can be broadly grouped into two groups depending on their effectiveness in
inducing platelet activation: strong agonists capable of inducing stable aggregation and weak
agonists causing brief, unstable aggregation requiring a second agonist to induce complete
aggregation. Thrombin and ADP are classic strong agonists, whereas epinephrine and
serotonin are examples of weak agonists. Chemokines induce weak platelet activation. We
found that Tat- as well as CCL5-induced platelet activation require both CCR3 and integrin
β3, suggesting a synergy of two receptor signals may be required for these two weak platelet
receptors. Since a variety of platelet agonists only induces weak platelet activation, it is not
clear what the biological significance of such activation is. We demonstrate here that one
consequence is the presentation of CD154, which can have important immunomodulator
effects. Whether the property of moderate platelet activation to serve as a source of
additional reactive molecules (chemokines, cytokines etc.) represents another important
aspect of platelet function is yet to be determined.

In conclusion, we have demonstrated that: 1. Tat is able to induce the release of platelet
CD154 and microparticles. 2. Tat-induced platelet activation requires chemokine receptor
CCR3 and β3 integrin. 3. Tat-induced platelet activation is cAMP independent and calcium
flux dependent. 4. Tat expression cell line 4T1 and TAT-MSCV retrovirus induce platelet
activation in vivo. 5. Platelet derived CD154 stimulates B cell activity by enhancing Ig
production. Therefore, our data suggest that Tat-induced platelet CD154 may play a role in
and contribute to the development of HIV-1 ITP. Additional studies will help us understand
better the implications of HIV-1 Tat protein and platelet activation in the development of
HIV-1 ITP.
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Supplementary Material
Refer to Web version on PubMed Central for supplementary material.
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Figure 1. Tat induces human platelet activation
Histogram of flow cytometry analysis of the platelets treated with Tat or Ad18-66 (Ctrl,
filled histogram) with CD154 (a) or CD62P (b). Histogram is an example of one of three
experiments. Bar graph summary of Tat induced platelet activation and CD154 expression
(c). Both Tat and CCL5 induce mouse platelet activation. Histogram of flow cytometry
analysis of the platelets treated with Tat, CCL5 or Ad18-66 (Ctrl, filled histogram).
Histogram is an example of one of three experiments. Summary of Tat and CCL5 induced
mouse platelet activation (f). Tat interacts with platelets through integrin β3. Platelets
incubated with S35- Tat or S35-luciferase in PBS for 30 minutes at 37°C, washed and lysed
for total protein were resolved on a SDS-PAGE gel (g). Western blot analysis for β3 with
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GST-Tat or GST pulls down protein from platelet lysates (h). Western blot analysis of
CD154 release in supernatant of platelets incubated with Tat or with PBS buffer as control
(i).

Wang et al. Page 13

J Thromb Haemost. Author manuscript; available in PMC 2012 March 1.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



Figure 2. Tat-induced platelet activation is integrin β3 dependent
Histogram of flow cytometry analysis of platelets treated with Tat, CCL5, Thrombin and
Ad18-66 (Ctrl, filled histogram) with CD154 (a) or CD62P (b). Histogram is an example of
one of three experiments. Platelets from integrin β3 knockout mice were employed.
Summary of flow cytometry result of Tat with integrin β3 knock out platelets (c, d).
Histogram of flow cytometry analysis of platelets for CD154 (e) or CD62P (f) from integrin
β3 knockout mice compared with platelets from wild type mice, both were treated with Tat.
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Figure 3. CCR3 is required for Tat induced platelet activation
Bar graphs summary of flow cytometry analysis of platelets treated with Tat with or without
CCR3 inhibitor SB328437 compared with Ad18-66 (Ctrl) (a, n=6), with CCL5 with or
without CCR3 inhibitor SB328437 (b, n=6), with Tat with or without PGE1 compared (c,
n=6), with Tat with or without Calcium flux inhibitor EGTA (d, n=3).
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Figure 4. Tat expression cells induce platelet activation in vivo
Western Blot to detect the Tat expression in TAT-4T1 cells (a). RT-PCR of Tat with RNA
from TAT-4T1 cells. Specific Tat band 359bp was found with the MSCV-TAT cells (left
lane), MSCV cells (right lane) (b). Western Blot to detect the Tat expression in serum of
mouse injected with TAT-MSCV (c). Summary of flow cytometry analysis of CD154
expression (d) and platelet activation (CD62P) (e) induced by TAT-MSCV retrovirus or by
TAT-4T1 cell line injection (n=3).
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Figure 5. Tat activated platelets enhance the B cell activity in vitro
An example of flow cytometry analysis of splenic B cells co-cultured with platelets with Tat
or Ad18-66 (Ctrl). The population with high expression of CD45 was gated and the
percentages with positive IgG1 (a,b,c) and IgG2b (d,e,f) are shown. Bar-graph summary of
flow data for average fluorescent intensity (g) and percentage of positive cells (h) (n=6,
p<0.05 for both).
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Figure 6. Tat activated platelets enhance the B cell activity in vivo
Bar-graph summary of flow cytometry result of positive IgG1 and IgG2b cells in peripheral
blood from TAT expression 4T1 cells injected BALB/c mice for average fluorescent
intensity (a) and percentage of positive cells (b) (n=6, p<0.05 for both). ELISA results of
IgG1 (c) and IgG2b (d) in serum from TAT-MSCV virus and TAT-4T1 cells injected
BALB/c mice (n=3). Histogram of flow cytometry analysis of splenic B cells from BALB/c
mice injected with Tat or Ad18-66 (Ctrl) for IgG1 (e) and IgG2b (f). Enhanced immune
response was found in mice treated with Tat. BALB/c mice were injected with Tat or
Ad18-66 (Ctrl) protein through intravenous injection before immunization with Adenovirus.
The generation of antibody against Adenovirus was monitored by ELISA (n=3) (g).
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Figure 7. Electron Microscopy of platelets treated with Tat or control
Left upper panel: Control, low magnification; Right upper panel: Tat, low magnification.
Left bottom panel: Control, high magnification. Right bottom panel: Tat, high
magnification. The release of platelet-derived micro-particles (PMPs) (upper right) and the
PMP buds at the plasma membrane of Tat activated platelets (bottom right) are indicated by
arrow.
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Figure 8. Model of the role of HIV-1 induced platelet activation in HIV-1 ITP
Tat is expressed by HIV-1 infected cells and activates platelets through chemokine receptor
CCR3 and integrin β3. The activated platelets release CD154 and other chemokines and
cytokines. CD154 enhance B cell activity and contribute to autoimmune response to platelet.
Platelet derived chemokines and cytokines may also affect the megakaryopoiesis.
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Reference Figure 1. Tat induces microparticles release from platelets
Dot plot of flow cytometry analysis of platelets incubated with control (buffer), Tat 0.5µg/
ml, thrombin (1U/ml), collagen (1mg/ml) 37°C one hour. a. Dot plot of gated microparticles
staining with CD41 and Annexin V (AnnV), percentages of double positive mircoparticles
are shown. b. Dot plot of platelets and microparticles gated with CD41. Percentages of
microparticles are shown.
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